Abstract This paper reports a part of a study on the construction of mathematical meanings in terms of development of semiotic systems (gestures, speech in oral and written form, drawings) in a Vygotskian framework, where artefacts are used as tools of semiotic mediation. It describes a teaching experiment on perspective drawing at primary school (fourth to fifth grade classes), starting from a concrete experience with a Dürer's glass to the interpretation of a new artefact. We analyse the long term process of appropriation of the mathematical model of perspective drawing (visual pyramid) through the development of gestures, speech and drawings under the teacher's guidance.
Introduction
Perspective, as a mathematical tool in art, was created in the fifteenth century by painters, architects and experts in military art. The most famous definition of perspective was given by Leon Battista Alberti (1435): "He who looks at a picture, […] , will see a certain cross section of a visual pyramid, artificially represented with lines and colours on a certain plane according to a given distance, centre and lights". The pyramid can be imagined composed of fine threads gathered in a bunch (i.e. the location of the eye) at one end. A perspective drawing can be obtained as a crosssection of the pyramid with the picture plane ( Fig. 1) . The development of perspective involved both rigorous thinking, based on geometry, and empirical practices. Many empirical practices were based on tools, e.g., the Dürer's glass (Fig. 2 , from Albrecht Dürer, Underweysung der Messung 1525), which plays an important function in the teaching experiment presented here.
This experiment is developed in the field of experience (Dapueto & Parenti 1999 ) of perspective drawing (Bartolini Bussi 1996) and aims at investigating the possibility of, and the conditions for, pupils to construct a germ-theory for perspective. A germ-theory is the starting point of a theory that has expansive potency and the tendency to develop into a fully fledged theory (Bartolini Bussi, Boni, Ferri, & Garuti 1999) . The elements of a germ-theory for perspective are: (C1) the conceptual construction of both the monocular vision and pyramid base, (C2) the intersection between the pyramid and plane of painting, which gives the perspective image of the chosen object, and (C3) the similarity (i.e. proportionality) of the images obtained by cutting the pyramid with planes parallel to each other. This experiment is partially considered by Maschietto and Bartolini Bussi (2005) , with respect to the first component, and by Bartolini Bussi, Mariotti, and Ferri (2005) , with respect to the second component. In this paper we analyse it focusing mainly on the third one, in relation to the others.
The paper is divided into three parts: in the first part the theoretical framework is summarized; in the second part the main steps of the didactical path are illustrated; and in the third part empirical findings are presented.
Theoretical framework
The study was carried out using the theoretical framework of semiotic mediation within a Vygotskian perspective, as developed by Bartolini . Vygotsky pointed out that in the practical sphere human beings use artefacts, attaining achievements that would otherwise have remained out of reach, while mental activities are supported and developed by means of signs. According to Vygotsky, signs are the products of the internalization processes and are called psychological tools. In a Vygotskian perspective there is a deep analogy between signs and artefacts:
The invention and use of signs as auxiliary means of solving a given psychological problem (to remember, compare something, report, choose, and so on) is analogous to the invention and use of tools in one psychological respect. The sign acts as an instrument of psychological activity in a manner analogous to the role of a tool in labour. (Vygotsky, 1978, p. 52) A further elaboration of the idea of artefact was offered by Wartofsky (1979) , who distinguished among three kinds of artefacts: primary artefacts, i.e. those directly used in the production of the means of existence and in the reproduction of the species; secondary artefacts, i.e. those used in the preservation and transmission of the acquired skills or modes of action or praxis by which this production is carried out; and tertiary artefacts, "which can come to constitute a relatively autonomous 'world', in which the rules, conventions and outcomes no longer appear directly practical" (Wartofsky 1979, p. 200) . For instance, Dürer's glass can be considered a primary artefact, and Alberti's sentence about perspective, quoted above, a secondary artefact. The mathematical model of perspective is an example of a tertiary artefact.
Wartofsky focused on artefacts as historic-cultural objects. In the analysis of the teaching-learning processes, we need to consider also the cognitive aspects. For this purpose the distinction given by Rabardel (1995) between artefact and instrument is useful. An artefact is a material or symbolic object per se. The instrument (to be distinguished from the artefact) is defined as a hybrid entity made up of both artefacttype components and schematic components that are called utilization schemes 1 When an artefact is introduced in the process of solving a given task, a double semiotic link is recognizable: the first is between the artefact and the task (from this perspective, the artefact is primary, as it is directly used in the solution) and the second is between the artefact and a piece of knowledge (from this perspective, the artefact is secondary, as it represents utilization schemes that may be related to the piece of knowledge). The practical, representative and theoretical aims are supposed to be (at least potentially) embodied in the semiotic activity with the same artefact. When the teacher intentionally uses the artefact as a tool of semiotic mediation (Bartolini , he/she takes care of the transformation of the signs produced by the pupils into mathematical texts.
. The utilization schemes are progressively elaborated when an artefact is used to accomplish a particular task; thus, the instrument is a construction of an individual.
Vygotsky identifies certain semiotic systems, including "language, various systems for counting, mnemonic techniques, algebraic symbol systems, works of art, writing, schemes, diagrams, maps, and mechanical drawings, all sorts of conventional signs and so on" (Vygotskij 1974, p. 227) . During the solution of a task, other systems come into play, such as gestures. In this article, the term 'gesture' is used in a wide sense, as a physical movement of a part of the body (e.g., hands, arms, eyes and face).
Many works are dedicated to the study of gestures (for example, see the other contributions to this special issue). Radford (2003; this issue) and Arzarello (2006; Arzarello, Paola, Robutti, & Sabena, this issue) pointed out that the notion of semiotic systems needs to be enlarged in order to take into account gestures and other signs produced during a mathematical activity. Radford defined the semiotic means of objectification as, "objects, tools, linguistic devices, and signs that individuals intentionally use in social meaning-making processes to achieve a stable form of awareness, to make apparent their intentions, and to carry out their actions to attain the goal of their activities" (Radford 2003, p. 41) , while Arzarello introduced the notion of semiotic bundle, that is: "(i) A collection of semiotic sets. (ii) A set of relationships between the sets of the bundle" (Arzarello 2006, p. 281 ). An example is represented by the unity speech-gesture: "gesture and language are a semiotic bundle, made of two deeply intertwined semiotic sets (only one, speech, is also a semiotic system)" (Arzarello 2006, p. 281) .
Research questions
As noted above, the overall goal of the research was to investigate the possibility and the conditions for pupils to construct a germ-theory for understanding perspective. In the teaching experiment presented here, the following hypothesis was stated: the development of gestures, drawings, oral and written language (all considered in terms of a semiotic bundle) and their intertwining allow pupils to construct some elements of the mathematical model of visual pyramid. This construction is drawn on the intentional use of certain artefacts in suitable tasks designed by the teacher, who uses the artefacts as tools of semiotic mediation. In the case of this experiment, because of the pupils' age, drawings played an important role in the semiotic activity (Stetsenko 1995) .
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The teaching experiment
The teaching experiment began at the end of the fourth grade course (May 2002) and constituted a part of the mathematical curriculum of the fifth grade course (beginning October 2002). The 25 students involved ranged in age from 10 to 11. The experiment was organized as a sequence of didactical cycles (Bartolini , where individual tasks and mathematical discussions were intertwined in a suitable way. The steps of the experiment are described below.
Step 1. Exploration of a primary artefact, i.e. Dürer's glass. In particular, it is a reconstruction of Dürer's glass ( Fig. 3) , made of wood, Plexiglas and metal; it has three eyeholes, but only by looking through the one in the middle one can see the drawing superimposed on the skeleton of a cube inside. This characteristic highlights the importance of the unique point of view. Each pupil was asked to look through the eyeholes and compare the different images he/she could see. This primary artefact was explored during a mathematical discussion (Bartolini Bussi, 1996) . Step 2. Drawing of the Dürer's glass.
Step 3. Interpretation of secondary artefacts. During a mathematical discussion, when the Dürer's glass was no longer available in the classroom, pupils were asked to interpret some excerpts of texts drawn from ancient treatises on paintings (Piero della Francesca, Leon Battista Alberti). Among these excerpts, the sentence that introduced the first mathematical model for Dürer's glass was a sentence by Alberti ("Pittura non è altro che intersecazione della piramide visiva", 1435 2
Step 8. Students were assigned to write an individual text on Alberti's sentence; this task was set 3 months after Step 3.
). After a series of steps (steps 4 to 7) involving construction of a table of invariants (see Bartolini Bussi 1996) for perspective drawing and a new tool for perspective, Step 8 returned to the topic of the visual pyramid.
Step 9. Exploration and use of a new artefact (Fig. 4) : a model of the visual pyramid was introduced into the classroom. This model is made of wooden poles with threads forming the edges of a pyramid (visual rays). Each thread passes through a hole in a wooden horizontal plane and is fixed inside another hole in a small Plexiglas plane (intersection plane). It is taut, because of an attached weight. A mathematical discussion followed.
Step 10. Individual text on the model of the visual pyramid. An individual written production, where pupils presented their interpretations of the model, followed the work with the artefact.
Step 11. Observation of a computer-based simulation of some familiar and new perspectographs (Maschietto, Bartolini Bussi, Mariotti, & Ferri 2004 ).
Step 12. Individual text on the PC simulations.
The teaching experiment concluded with Step 13: a visit to a public exhibition about perspective (Perspectiva Artificialis) as well as additional written work by the pupils (examples from this written work were published in a national on-line newspaper).
The analysis of protocols
In order to test the hypothesis, the analysis aims to show how the activities with the artefacts, and the related emergence of their utilization schemes, foster the development of systems of signs, on which the construction of some mathematical components of the visual pyramid related to perspective is based. In other terms, it aims to characterise the relationships between artefacts (primary, secondary and tertiary) and the construction of mathematical meanings related to perspective. The analysis is founded on several kinds of data that were collected: individual texts and drawings, audio-recordings (and sometimes video-recordings) of classroom activities, photos of the pupils at work, the teacher's and observer's notes. The relationships between the instruments emerged from different data and were used in the protocol interpretation. In particular, consistency between pupils' verbal expression (in oral and written form), drawings, and gestures, suggested by the use of the artefacts emerged during the whole experiment (see an example in comparing Figs. 5 and 9).
In this article, the teaching experiment is analysed up to but not including Step 10.
5.1
Step 1 -discussion of Dürer's glass
The analysis of the discussion shows that the exploration of the perspectograph fostered the production of linguistic expressions and gestures, which were related to the emergence of the components of the visual pyramid. At the beginning, the pupils were asked to state hypotheses about the functioning of the Dürer's glass. The previous experiences of some pupils allowed them very quickly to interpret the artefact as concerned with perspective. The focus on its function fostered the pupils to look at other objects using monocular vision (e.g., camera, video camera) and allowed them to notice the importance of point of view (from the holes that do not correspond to the point of view, you see the drawing on the glass is not superimposed on the cubic skeleton), as the following excerpt highlights (for instance, N.145). This excerpt shows the emergence of gestures during the discussion, in particular the pointing index finger (Fig. 3) to explore the relationships between the drawing on the glass and a real object (cubic skeleton) and the closed eye/open eye. Even if the pupils did not draw on the glass, speech and gestures detected the construction of simple utilization schemes (i.e. the closed eye/open eye) of the artefact. These elements contributed to the conceptual definition of the C1 component of the visual pyramid: the monocular vision (N.145, N.148) and the pyramid base (N.200). The two other components of understanding the visual pyramid, C2 (the intersection between the pyramid and plane of painting) and C3 (the similarity of the images in parallel planes) were not expressly debated in this discussion, even if some pupils introduced the idea of variation of drawing size (Esmer: "In my opinion, perspective is a thing that if it comes closer it is larger and if it goes farther it is smaller"). This element was resumed and explained in the next steps of the teaching experiment.
This step also shows the beginning of a process where the definition of the elements of a semiotic bundle is stimulated.
Step 2 -individual drawings of the perspectograph
In this second step, students were asked to draw the primary artefact, the Dürer's glass. Individual task involved an individual production of signs, according to the definition of a didactical cycle (with individual activities with artefacts and collective production of signs in mathematical discussion). In general, pupils were asked to produce and elaborate signs, related to the previous activities with artefacts, and to explain their personal meanings. In order to test the research hypothesis, the analysis focuses on the conversion from oral language and gestures to written language and drawings. This process can correspond to an enrichment of the semiotic bundle.
. An example of one pupils' drawing is shown in Fig. 5 . In this figure, the following utilization schemes are evoked: pupil position with respect to the three holes indicates the correct choice of central ocular (superimposition of the drawing on the glass over the cubic skeleton); the position of the pupil's arm is similar to the position of the pupil who saw through the eyeholes in Fig. 3 . This drawing also shows the result of the seeing action through the chosen eyehole: the contour of the red cubic skeleton is black, which corresponds to the real view through the central eyehole. In accomplishing this task, pupils established relationships between different sets of signs: language, gestures and drawings.
In general, four types of drawings can be identified: reproduction of the perspectograph as seen from the pupils' desks (seven drawings, of which four present some details; Fig. 6 shows an example), reproduction plus some very simple labels for the basic elements (eight drawings), representation of the action of using the perspectograph by a person or of a snapshot of that (two drawings, including Fig. 5) , reproduction of some parts of the object (nine drawings). These drawings are important because they contain gestures and body movement that appeared in the previous activity and that are related to the C1 component. The task did not call into play the other components.
With respect to the definition of secondary artefact ("representations of such modes of actions"), some of these protocols (such as Ange's drawing with respect to Fig. 5) can be interpreted as a germ of secondary artefacts, because they present not only the drawing of the artefact, but also other elements about the way to use the perspectograph.
5.3
Step 3 -discussion of L.B. Alberti's sentence In this step, a mathematical discussion was introduced to interpret a secondary artefact (i.e. collection of short sentences, drawn from different manuals on painting; among them, there was Alberti's sentence quoted above) by the task "Read and interpret". The text was used by the teacher as a tool of semiotic mediation (Bartolini ; it was given as a sign to be interpreted. In this way, the C2 component (concerning the intersection between the pyramid and plane of painting) was introduced in the process of construction of the mathematical model of perspective. The discussion related to Alberti's sentence was primarily concerned with the words "pyramid" and "intersecazione" (the ancient spelling for "intersezione", i.e. intersection, related to the word "segare" (i.e. to saw). In this discussion, different kinds of gestures appeared. With respect to the term "pyramid", gestures may represent both the concrete and the ideal pyramid; however, they are able to represent general geometrical (spatial) properties better than words (e.g., N.8, in the excerpt below). Concerning the term "intersection", the gesture of cutting an "imaginary" pyramid (N.18, N.19) in the air became a shared utilization scheme in the classroom, repeatedly used by the pupils and by the teacher as well. The right way to produce the gesture ("straight down", i.e. vertically) was verbally explained immediately by AleB (N.27). This gesture was taken up by the teacher, which enriched the set of signs constructed during this discussion.
N.8 AleB If the base is triangular it has 4 [faces]
, if the base is square it necessarily has 5. It depends on the base. The one we are talking about has either a square or a rectangular base, because we imagine a painting or a piece of glass and the point of the triangles reaches the eye. N.9 Fede Yes, but Leon Battista Alberti's is not a real solid, it's an imaginary solid which takes shape while you're looking at it. We can't see it only when we think of it, if we want to see it. For example we can see it now because we have just read it. N.18 Luca How can you possibly saw the visual pyramid which is a solid that does not exist? N.19 AleB Exactly how you imagine it. If you see it because you imagine it, you can saw it as well. You have to work with the mind. N.22 Fede Yes, all right, but in any case you have to imagine it. I understood this, if you saw it near the object you obtain a large image, if you saw it near the eye you get a smaller image.
[With gestures, many children cut, saw the visual image. They trace many imaginary planes which are parallel to the painting. Fig. 7 ] N.27 AleB If you go down straight, because with our hands we form a kind of plane parallel to one of the objects [With his hands he traces two parallel planes in space, one hand for a plane]. In this way you certainly obtain a figure which is exactly the same as the base of the pyramid, but smaller.
In the above discussion, all the components of the model are present. The C1 component appears in the pupils' statements which referred to two elements of the visual pyramid: the arbitrary base and the vertex entering an eye (N.8). So, the single eye used for the perspectograph (experienced in Step 1) takes on the new role of vertex (in-play between real and imaginary object). The C2 component (intersection between the pyramid and plane of painting) is present in both gestures and speech (for instance, N.18). The generalization of the gesture of cutting (by AleB N.27 and the teacher) brings into the discussion a part of the C3 component, concerning the relationship among parallel planes to the painting, which completed the germ of the idea about similar images (N.22). These elements were not present in the chosen sentences for the discussion. That gesture of cutting works in any position. It represents a germ of contextual generalization, because the pupil became able to objectify:
an operational scheme that acts on abstract-although contextually situated-objects and specifies temporally situated mathematical operations on them, thus ensuring the attainment of a new level of generality. These contextually situated objects abound in classroom discourses, where they become part of the process of construction of nonsituated, mathematical objects. (Radford, 2003, p. 54) .
The analysis of these three steps shows the production and the evolution of sets of signs (language, gestures and drawing) and their relationships, under the teacher's guide. They are still connected to the artefacts (and its concreteness), but they also show the construction of the mathematical model of perspective. These sets can constitute a semiotic bundle, on which the construction of mathematical model is based.
After these first steps, the pupils were involved in the construction of both a table of invariants for perspective drawing (Bartolini Bussi 1996) and a tool for perspective similar to a perspectograph. Three months later, they returned to the topic of the visual pyramid.
5.4
Step 8 -individual comments on Alberti's sentence In this step, the students were asked to write an individual text on Alberti's sentence. As with Step 2, it was an individual task that fostered a reworking of the discussion that happened in Step 3. In most of the protocols, we can distinguish two parts: a first part including the description of the visual pyramid and a second part where pupils commented on Alberti's sentence. In spite of the time elapsed since Step 3 (3 months), the three components of understanding of the visual pyramid appear in the protocols. Two protocols, representative of pupils' works, are analysed below.
In his drawing (Fig. 8) , Giac drew a closed eye and an open eye, labelled as an "eyehole": hence, he referred explicitly to his experience with the real instrument and its utilization scheme (related to monocular vision, C1 component). The base of the pyramid is not drawn as it appears in Fig. 1 , but it is supposed to be the tree in the lower part of the sheet. Giac showed a pyramid with a plane for the intersection (C2 component), where the perspective drawing of the tree was present. The C3 component (similar images on parallel planes) is present in one pupil's comment: "(…) where the intersection is, the eye sees a smaller image; the closer the intersection the smaller is the image". In this protocol gestures, which were shown during the exploration of the perspectograph (Step 1) and the discussion about Alberti's sentence (Step 8), are converted into both written language and drawing, in a complementary way. In the second chosen protocol (Fig. 9 ), the pupil wrote "A visual pyramid is a kind of pyramid 'made by you', that is the pyramid helps you to see what you see in different ways, in fact, as I have drawn, it makes you see the sun in several ways. I have drawn that drawing, because it clarifies how a visual pyramid is and also how it must be shaped". In Ange's drawing (Fig. 9) , the open eye was the vertex of the visual pyramid (monocular vision, C1): the use of a single eye was emphasized by the presence of the arm that evoked the gesture of closing one eye ("One of Anna's eyes is open and the other is closed; you don't see it, but if you notice, she moves her arm toward the other side of her face to close her eye"). The base of the visual pyramid was evoked, because of the choice of the sun (C1), which was not at a fixed distance. A first plane cut the visual pyramid, giving the "sun in the pyramid" (intersection pyramid-plane, C2). The C3 component (similar images in parallel planes) is present in both text and drawing; in fact, different planes cut the visual pyramid and they seem to be parallel one to another; these planes are not present in Giac's protocol. They can be related to that generalisation observed during the discussion in Step 3 (N.27). Furthermore, with respect to other pupils' holistic drawings, where the planes are in a vertical position, Ange's protocol presents planes that can take any positions (because of the sun movement). In this case, there is another instance of contextual generalization that concerns the possibility of tilting any "imaginary" picture plane in non vertical position.
With respect to Step 2, pupils' protocols show an evolution in the construction of mathematical meanings. They contain not only references to utilization schemes, but also explicit references to the three components of the visual pyramid. In this sense, these protocols can be considered a kind of secondary artefact, according to Wartofsky.
The analysis seems to indicate that most pupils had internalized the meaning of the visual pyramid. The following Steps 9 and 10 represented the evaluation of this process: the former concerned a collective interpretation of a new artefact, the latter corresponded to the elaboration of an individual text.
5.5
Step 9 -discussion of a model of the visual pyramid A physical model was built to materialize the visual rays by means of threads (Fig.  4) . The eyehole was not a single point but large enough to surround the eye. Hence, the threads were attached to the border, so that the eyehole determined a plane cutting the visual pyramid, whilst the vertex of the pyramid was not materialized. This material hindrance, however, did not seem to hinder pupils' understanding.
At the beginning, the teacher encouraged the pupils to explore the artefact (Figs. 10  and 11 ). Although the exploration of the object was physical and accompanied by new gestures (referring to edges, faces and vertices of the pyramid built by threads), the pupils seemed to appropriate it as a secondary artefact. Unlike the first perspectograph (see Step 1, Fig. 1 ), in this artefact pupils recognized elements of the visual pyramid already constructed. According to the definition, this artefact seems to be considered in terms of transmission of knowledge. During the discussion, the pupils used other signs that were new or could be considered as evolution of signs previously appeared, hence enriching their production. In this case, the semiotic bundle seemed to change; as noted by Arzarello, "A semiotic bundle is a dynamic structure which can change in time because of the semiotic activities of the subject" (2006, p. 281) . The vertex of the pyramid, which was always drawn by pupils, corresponded to a precise gesture (in Fig. 10 , the two fingers seemed to bring the vertex of the pyramid). This vertex also corresponded to a utilization scheme: the eye position with respect to the intersection plane (Fig. 11 ). This utilization scheme was different from the one constructed for the perspectograph (see Fig. 3 ).
During this discussion, a generalisation appeared, related to C1 component: changes of the point of view (vertex) and pyramid base (choice of different polygons). With respect to the C3 component, some pupils remarked that the intersection became smaller when it was closer to the eye. In this step, the pupils were asked to "describe the model of the visual pyramid by means of words and drawings". This step did not call into play the C3 component (as the plane of the model is fixed) but only the generalization of the C1 and C2 components. The analysis of the pupils' protocol gives evidence that the status of this artefact was different from the one of Dürer's glass (Step 1). The glass was used as a primary artefact, whilst the model of pyramid (in spite of the material realization) appeared a secondary artefact, because of the pieces of knowledge produced and appropriated in the intermediate steps. In fact, the pupils did not describe a material artefact, but discussed its properties. For instance, as mentioned earlier, the model lacked the section between the (virtual) vertex and the eyehole plane, but this was not a problem, as "one must never forget that the visual pyramid is abstract" and "must show the effect of intersection" (Dani). Esmer added "this is a mathematical model that shows the visual pyramid and some geometrical images."
In some protocols, the pupils presented the generalization produced during the discussion (Step 9): "by means of different geometric shapes we have obtained different visual pyramids" (Carl); "there is a glass that gives the intersection of the figure you choose" (Piet, see also Marcel's drawing in Fig. 12 ). These protocols highlight how the pupils managed the relationship between different sets of signs in order to explicate the mathematical model of the artefacts they had considered.
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Concluding remarks
In this paper, we have considered the construction of a mathematical model of perspective via the visual pyramid in primary school as part of a long term teaching experiment. This model includes three components: C1 component concerning the construction of the pyramid (monocular vision and base); C2 component about the intersection between the pyramid and plane of painting, which gives the perspective image of the chosen object; and C3 component concerning the similarity of the images obtained by cutting the pyramid with planes parallel to painting. The hypothesis was that the development of gestures, drawings, oral and written language (considered in term of semiotic bundles) allows pupils to construct elements of the mathematical model of visual pyramid, drawing on the intentional use of certain artefacts (chosen according to Wartofsky's categories) in suitable tasks designed by the teacher, and under the teacher's guidance, that uses the artefacts as tools of semiotic mediation. The analysis of the teaching experiment suggests that the concreteness of artefacts fosters the development of two types of gestures, one type connected to characteristics of the artefact and the other to its utilization schemes. These gestures, on the one hand, allow going beyond the limits of the artefact and, on the other hand, are converted into graphical and linguistic signs. For instance, the representation of the set of similar figures within the visual pyramid ( Step 8) appears to be related to the contextual generalisation that occurred during the discussion about Alberti's sentence (Step 3). In general, the different nature of the proposed activities (i.e. collective discussions, individual texts, explorations of concrete artefacts) fosters the construction and enrichment of set of signs and the relationships among them. They can represent a semiotic bundle that supports the construction of the three components above. The pupils worked with that semiotic bundle, under the teacher's guidance. The final steps we have analysed provide evidence that most pupils internalized the mathematical model. In such a process, the teacher played an important role: he/she used different kinds of artefacts (the Dürer's glass, Albert's text, the wooden model of visual pyramid) as tools of semiotic mediation. With regard to the definition of a semiotic bundle by pupils, the analysis of the teacher's role can be further developed, above all, with respect to the question of reproducibility of the experiment.
